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I. INTRODUCTION

This report is a part of a study for the Defense Civil Preparedness
Agency under Work Order No. DAHC 20-70-C-0310, A#2; Work Unit l123C,
"Blast Loading in Existing Structures". Results are presented for the
blast induced loading on objects inside 1/12th scale model basement
shelters. The work assumes that the external blast wave will destroy
and blow away the above ground structure. The blast wave is assumed
then to enter the basement shelter through open stairways, elevator
shafts and other openings that are left.

The work reported here is a continuation of that reported in BRL
Memorandum Report 2208 (Ref. 1). The BRL 24 inch shock tube was
modified, since that workby the addition of a longer driver section
which increased the duration of the input shock wave for the smaller
model experiments. Also, an additional model was built for use with
the BRL 5.5 foot shock tube, to simulate a 1000 shelteree size basement
shelter. Results are also presented for this larger model.

II. EXPERIMENTS

The tirst experiment made use of the same basement model (40 x 70 x t
8 inches) as used for the experiments reported in Ref. 1. A larger
driver section (35 1/2 ft) was added to the shock tube. The added
driver length increased the positive, flat duration of the input shock-
waves. As in the earlier experiments, pressure transducers and high
speed framing cameras were used to record the pressures and object
translation within the basement model.

A second basement model was built to simulate a 1000 shelteree
shelter. This larger model (70 x 144 x 8 inches) was constructed to
be used with the BRL 5.5 ft. shock tube to take advantage of still
greater shock wave duration. Input pressure of 5 and 10 psi were used
to create the internal flows within the basement models which in turn,
caused the objects to translate. Pressure-time records of input shock
waveforms and pressure fill records were taken and high speed 16 mm
cameras (2000-3000 pps) recorded the motion of nylon cylinders placed
within the models prior to shock wave exposure.

11I. RESULTS AND CONCLUSIONS

A summary of the shots is given in the appendixes of this report
along with pertinent data for the shots. Velocity field predictions
for the interior air flow induced by an input shockwave are given by
the RIPPLE code.

Some pertinent results are s xarized for the two sets of
experiments.
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A. Model 40 - Single Closed Stairway

1. Nylon cylinders caught in the incoming jet-like flow from

the stair entrance were translated away from the entrance and toward
the left rear area of the model. The translation speed of the cylinders
varied from a few ft/sec for the 5 psi input to about 36 ft/sec for the
input of 20 psi.

2. Cylinders positioned outside the jet-flow limits were caught
at later times into the long-term rotation of the internal flow. These
observed speeds of cylinder translation were less than 5 ft/sec.

3. The cylinders, wher. caught in the high speed jet-flow, rotated,
if airborne, as they were translated. For example, rotations of 36
rotations/sec were measured for the 20 psi shcck wave input.

B. Model 42 - Stairway and Elevator Shaft

1. Cylinders placed in the center of the incoming flow from
the stairway were translated to speeds of 17 and 38 ft/sec corresponding
to input pressures of S and 10 psi.

2. Cylinders near center of room showed only slight notion.

3. The general pattern of motion for all cylinders was similar
to that of Model 40, clockwise around the model from th'e entrances.

4. Generally translational speeds of the cylinder were higher,
proportional to the six-time V/A increase for Model 42 over Model 40.

C. Predictions for Full Size Shelters

Fill-time predictions of cylinder motion for a variety of basement
shelter are shown as a function of their volume to entrance area ratio.
The flow parameters from these predictions are used to predict maximum
translational speeds for cylinders calculated for each of the different
basement sizes. In all cases, the cylinders were assumed to remain in
tle center and in a maximum flow region. Friction from the floor and
the effect of gravity are neglected.
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BLAST LOA•JNG OF OBJECTS IN BASEMENT.
SHELTER MODELS

ABSTRACT

Experimental results obtained from loading two 1/12th . 'e basement
"shelter models are given for 80 and 1000 shelteree size shelt% The
models were exposed to shock waves in the S to 20 psi overpressure range.
Computer prograin predictions of air speeds and pressure filling are
compared to the measured motion of nylon cylinders placed within the
shelter models.
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I. INTRODUCTION

The work being reported is a part of a study for the Defense Civil
Preparedne,_s Agency under Work Order No. DAHC 20-70-C-0310, A02; Work
Unit 1123C, "Blast Loading in Existing Structures". Results are
presented for the loading experienced by objects in a model basement
shelter when exposed to shock wawe entering the room. The work assumes
that an external blast wave will destroy and remove that portion of the
structure above ground. The blast wave is then assumed to enter the
basement through the open stairways, elevator shafts, and remaining
openings.

The work reported here is a continuation of that reported in BRL
Mem~orandum Report 2208 (Ref. 1). A longer driven section has since
been added to the BRL 24-inch shock tube which has increased the duration
of the input shock wave. This has allowed the smaller model to be
exposed to another set of input conditions for longer fill times. A
larger basement model representing a 1000 shelteree shelter was built
for use on the BRL 5.5-foot shock tube. Results are presented for
this model and compared to those obtained for the smaller (80 shelteree)
basement model exposed at the 24-inch shock tube.

II. EXPERIMENTS

The experiments are reported in two parts, Part A which concerns
the work dcne with a basement model exposed to shock waves from the
24-inch shock tube, and Part B which reports the experiments with a
larger model at the 5.S-foot shock tube.

A. Basement Model 40-24 inch Shock Tube

Model 40 measured 20 x 40 x 8 inches in size and simulated
a 1/12th s~ale basement shelter capable of holding about 80 shelterees
at 10 feet /person. The model tas designed with a single closed
stairway with an opening of 4.75 x 8 inches. The moJel volume to
entrance area ratio, V/A, was approximately 14 feet.

The instrumentation included Susquehanna Instrument ST-2
pressure transducers coupled with Kistler Model 566 charge amplifiers
to Textronix 502-A oscilloscopes. These were used to measure the input
shock overpressure and also the model's interior fill pressure. Fastex
16 m frandng cameras running at 2000-3000 pps were used to record the
mation of nylon cylinders (1.28" dia x 1.83" high, weight 1.56 oz.)
exposed to the shock-created internal flows. Figures I and 2 show
the model attached to the 24-inch shock tube and a schematic of the
floor grid where the cylinders were placed.
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The experimental procedure was to place a row of three cylinders
across the floor of the model and allow a shock wave to enter the model.
A series of 5, 10 and 20 psi input waves was used for the cylinders
placed at the different roas shown. During the shot time, the motion
of the cylinders was recorded by cameras placed at the end and the side.
Photographs of the cylinders' motion and tables of average translational
velocities are given in the Results Section, Part A.

B. Basement Model 42-5.5 Foot Shock Tube

A larger basement model, also 1/12th scale, with a size of 70 x
144 x 8 inches was built and attached to the 5.5 foot shock tube. An
elevator-stairway entrance combination was built at the shock tube
end for entrances into the model. Figures 3-5 describe the model.
The size was chosen to approximate a full size shelter with space
for 1000 shelterees at 10 ft 2 /person. The shelter volume to total
entrance area ratio was about 35 feet.

The instrumentation was similar to that used earlier except that
longer time response was needed for the several hundred milliseconds
duration shock waves. Accordingly, strain gage type transducers
manufactured by Bytrex (Series HFG) and CEC (Type 4-312) were used

instead of the ST-2 transducer. Also, a multichannel oscillograph
recorder was used with CEC System D amplifiers for the strain trans-

ducers outputs.

The camera system was enlarged by one camera and mostly were
used at the side position. Additional DXC 500 watt photoflood lamps
were needed for a tital of fourteen lamps. The framing rate was
again held between 2000 and 3000 pps.

A pressure range of 5 and 10 psi input shock waves was used and
the motion of the nylon cylinders observed. Since the basement model
was large, twenty cylinders were used inside of three as before. The
results of these experiments are given in the Results Section, Part B.

III. RESULTS

The results are presented in two parts. Part A describes the
results obtained from Model 40 and Part B the results from Model 42.

A. Model 40-80 Shelteree Size

A suwmary of the shots to which model 40 was exposed is given in
Appendix A, Table A-I. A representative set of pressure-time records
obtained from the input transducer located 41 inches upstream of model
entrance and the interior transducer, located flush in the center of
floor, are shown in Fig. 6. The input shockwave has an approximately

16
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flat portion of about 4S masec. long. The slight dip at About 10 mec
is caused by the filling rarifaction wave moving upstream from the model.

At all three input pressure levels the model was completely filled
with pressure co the value of the outside shock pressure. Predictions
have been made in Ref. 2, 3 and 4 that incoming air flow from theentrance is jet-like and attains a speed of several hundred feet/sec
near the entrance. Other areas may maintain the order of 50-100 ft/sec
for times several times the amount of the filling time. These
predictions are corjiared with the experimental results later, in
Section IV.

The purpose of the high speed phoLography was to record the effect
of these interior flows upon the cylinreers placed in various locations
inside the model. Figures 7 and 8 show some of this motion as recorded
by the Fastex cameras at the end and side of Model 40. Additional
pictures are given in Appendix B. The motion is summarized in Table
I as a .unction of cylinder location and input shock overpressure. In
all shots the cylinders were arranged from left ta right "A', "'B", ane
"C". Thls placed "C" near the entrance, exposed to the highest air
flow sreeds.

B. Model 42-1000 Shelteree Size

The shot series for Model 42 is given in Appendix A, Table A-II.
Typical records for the input shock waves for the shot series and the
related filling pressure records are shown in F41. 9. The input
shock wave is seen to have a flat portion ot 180-190 milliseconds i
duration. This is more than enough time for the filling curve to
reach the input shockwave pressure at 100-150 milliseconds.

Piiotographs 3f the motion of the cylinders as they are aff-ected
by the shock created internal air flow are shown in Fig. 10-12. As
in the smaller Model 40, the cylinders placed in the incoming high
speedA flow from tne stairway were translated at speeds of 17 and 38
ft/sec for inputs of S and 10 psi. Other cylinders out of the main
flow and near the center of the floor, moved only a slight arount.
Generally, the observed pattern of notion for the cylinders was quite
similar to that of Model 40. The main difference of greater maximum
translational speeds for the cylinders can be attributed to the increased
filling time for Model 42 as indicated by a V/A of about six times that
of Model 40. Table II summarizes the data from Model 42.

21
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SHOT 576
FRAME NUMBER TIME, MSEC. FRAME NUMBER TIME, MSEC.

0 151

53 19.3 69A4!I!

71 25.8 391 142.2

III 40.4 531 93.1

Figure 7. End View, Cylinders on Row 3-Ps * 20.1 psi
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SHOT 576

FRAME NUMBER TIME MSEC

2076

__

631 229.4

1031 374.9

1791 651.2

Figure 7. Continued

23

-- _

____-- _- __- ___--



SHOT 576

F;RAME NuMBER 1 ME,MSEC. FRAME NuME.R TIMEMSEC.

21 7.6 489 143.1

49 15.7 869 253.1

69 21.5 98 8.

349 102.6 1109 322.5

Figure S. Side View, Cylinders on Row 3-1's 20.1 psi
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SHOT 5-73-7 T
CAMERA I

FRAME NUMBER TIME, MSEC FRAME NUMBER TIMEMSEC

2 1.2 123 667

43 24.9 143 79.,

63 36.2 163 *9.5

103 59 183 99.9

Figvre 10. Camera 1, 2-ft Row, Model 42
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SHOT 5-73-7
CAMERA 2

FRAME NUMBER TIME, MSEC FRAME NUMBER TIME MSEC

9 4.3 205 SZ4HI mI

105 48.3 245 109.5

165 4

165 83.?

Figure 11. Camera 2, 6-ft Row, Model 42
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SHOT 5-73-7
CAMERA 2-OTHER CYLINDERS

FRAME NUMBER TIME.MSEC FRAME NUMBER TIME.MSEC

I ! ,-

295 126.3 4335 163.9

I

315 134.6

i
355 151.2

395 167.6

Figure 12. Camera 2 - Cylinders from Other Rows
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IV. COMPUTER CODE PREDICTIONS

Three types of predictions were madep with the help of computer codes.
(1) Prediction of interior filling of the models with pressure, as a
function of time, were made with the BRL Fiiling Code, Ref.l. (2) Two-
dimensional hydrodynamic code predictions of the interior flows were made
for Models 40 and 42, for an input of 10 psi, with the RIPPLE Code, Ref.
2. (3) Trsnslation calculations were mace for cylinders by makivr use
of the flow parameters obtained from Filling Code predictions.

A. Fill-Time Predictions

Interior presstire filling predictions for Model 40 are shown as
Table III for 5, 10 and 20 psi input shock pressures. The pressure
fillingy from the table are plotted as -. function of time in Fig. 13-15.
They are plotted as solid :ines, the input pressures as dotted lines and
some "X's" for experimental points. There is some scatter in the data
caused by peak reflections of the internal shock waves. Also, the stairs
have been neglected as a correction to the total room volume and was
neglected as a source of possible choking of the entrance flow. Similar
predictions for Model 42 are given in Table IV and F.g. 16 and 17.

B. RIPPLE Code Flow Predictions

RIPPLE Code predictions of shock induced internal flow for a 10
psi input were made for Models 40 and 42. An example for Model 40 is
shown in Fig. 18 for a time of about S asec. The time was chosen to
start when the input shock wave entered the room from the entryway. The
vector scale is shown at the bottom of the figure. A wide range of flow
speeds exist at this time. Flows vary from a maximum of 650-750 ft/sec
at the entryway corner, to 200ft/sec near center of room, to 50-100
feet near vortex, and to le~s than 20 ft/s-c in the corners of the room.
Although the RIPPLE Code is two-dimensional, it does seem to describe
sufficiently well the actual three-dimensional rota. A set of figures
for Model 40 (two dimension) are givea in Appendix D for flows at other
times of interest.

A similar example of a flow field for Model 42 is shown in Fig. 19.
The tio entrances are seen to modify the flow field somewhat. The vortex
locat 'on is displaced but the overall flow pattern for Model 42 resembles
that of Model 40. The predicted ranges of flow speeds for the 10 psi
input pressure are from 600-8O" ft/sec near the entrance, 100-IS0 ft/sec
across center of room, and 100 ft/sec near vortex. The set of flow char.s
are found in Appendix E.

C. Translation Calculations for Cylinders

Predictions oC translation, velocity and acceleration for a nylon
cylinder placed directly in the path of the incoming high speed flow
were made for each of the two basement models. The simplified calculat-
ions for the parameters as a function of time, measured from diffracted
shock arrival at the cylinders position, were made with a programable
desk calculator.

31

.,. I



Table III. Fill Parameters for Model 40

Mod-1) 4.0
Shot 569 5psi

AREA1 VOLUME TIME PRESSURE DENSITY0&264E 00 0*370400E 01 O*200000E-O2 0.145000E C2 0.293?OOE-02
TIME PRESSURE DiN3 U2 OPTSECONDS PSI UE-S,2/F4 FPS PSI
0.200E-02 0.110566E 01 0.249S4$E-02 O.4909C1E 03 0019?86SE 010*400E-02 0.209339E 01 0.26419SE-02 0.1t2297E 03 0*147097E 010.6O0E-02 0.29432?E 01 0.277066E-02 0.346933E 03 00106774E 010*800E-02 0.367233E 01 0.28?980E-02 0.283722E 03 0*754226E 000010GE-01 0.423518: 01 0.2964201E-02 0.213094E Al 0.438089E 000.1ZOE--O1 0.461982E 01 O.3021.98E-02 0.142729E 03 0.200864E 000.140E-31 0.'.64458E 01 0.305574E-02 0.822119E 02 0.676167E-0101160E-01 0.49S154E 01 0.307119E-02 0.387624E 02 0.151576E-010a180E-c91 0.48521iE 01 O.305610E-02 -0.359055E 02 0.137293E-010*200E-01 0*490990E 01 O.306477E-O2 0.209329E C2 0.442170E-020*22OE-3j -*476283E 01 0.3044?OE-02 -0.460435E 02 0.22502?E-010i424E-01 0,494990E 01 0.306978E-02 0.606785E 02 0*3?0584S.0i
04260E-01 0.502270: 01 0.3CO069E-02 0.26249SE 02 00697826E-020*2801-01 0.491857E 01 0.306426E-02 -09374784E 02 0.149998:-Ol0*300E-01 0.4-9360E 01 0*3075S1E-02 0.270943E 02 0.742593E-02Oý32oE-01 7.489795E 01 0*306042E-02 -0.344712: 0? 0*126?12E-010*340E-01 *.507159E 01 0*308643E-02 0*626346E 02 0.397179E-0106360E-31 0.506:0?E 01 0.306830E-02 0.447176E 01 0*203416E-030.380E-fl 9'.512247E 01 0.3094oSE-0z 0.137550E 02 0*192553E-020*400E-01 0.S00713E 01 0.307596E-C2 -0.41102?E 02 0o181131E-01
0*420E-01 0.d.1039lE 01 0.309036E-02 0.34!659E 02 0*12125BE-010*440E-01 0. 499112E 01 0.30?2S$E-02 -0.404392E 02 0.175133E-1-a0;,460E-01 0.51S02t~ 01 0.309L58E-0Z 0.456306f 02 0.21118se-a10&480E-01 0.499080E 01 C.30?153E-02 -0.456048E 02 0.222703E-01
0*500E-Oi 0*5O2137E 01 0.3076IIE-oz 0.109994E 02 0.122712E-02
O&SZOE-31 0.481650E 01 0.304414E-02 -0.133734E 02 0.571343E-010*140E-31 0.46t6t6E 01 0.301226E-02 -0.739556: 02 0.574359E-0106560E-01 O.440487E 01 0.2978971-02 -0.781034E C2 0,6334081-Ol
06600E-o1 0.39431SE 01 0.290621:-Oz -0.892525: 02 0.806444E-010.620E-01 0.370350E 01 0.28b84SF-02 -0.920903E 02 0.6472111-0101640E-01 0.346172E 01 0.2630351-C2 -0.9416021E 02 0.873821E-010,66GE-01 0.321691: 01 0.279209E-02 -0.956?717 02 09893504E-010*6801-31 0.296205E 01 0.2754741-02 -0.9477761 02 0.661632E-al
0.700E-01 0.2755671 01 0.271912E-02 -0.916727: 02 0.7958666-010020E01-O 0.215362S 01 0:261:661:2 :0:90292:: 02 0.743041E:010.740E-01 0.231006E 01 0*265045E-02 -0.6967901E 02 0*7'.56021-01

007802-ok 0.169218: 01 0.258303F--02 -0.910746E 02 0.746232E-0106800E-01 0.167922E 01 0.25494?E-OZ -0.920603E 02 0*752511E-010t.820E-O1 D.146655E 01 0e.ZS56E:-02 -0.9316521 C2 0*76048SE-0106840E-01 0.125972E 01 0.246336E.-02 -0.9176561 02 0.720650E-010..860E-01 0.1064491 01 0.245263E-02 -0.876121E 02 0.:5586SE-010.6801-01 0.6766321 00 0,242334E-02 -0.6446111E 02 00602659E-0104900E-31 0.697596E 00 0.2"9479E-02 -0.633564E 02 0.579670"-00&920E-01 0.556:351 00 0*23?28?E-02 -0.645101E 02 0.3443261-0104940E-01 o*58lj84E 00 0.21':53-02 0.10S506E 02 0.9369971-030.9601-OL 0.e4953451 00 O.236M00-02 -0.4000571 02 0.131613E-0101980F-01 0.561171E 00 0,2373?*3E-02 0.3073071 02 0.796830E-02Oa&100E 00 0.455006E 00 0.23589OE-02 -0.495953f 02 0.202125"1-04102E 00 0.516027E 00 0.Z36?0&E-02 0.2954931 02 0.7329371-020. 1041 00 0.405923E 00 0.234941E-02 -0.5253931 02 0.226126E-0:
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Table 111. Continued

Model 40O Shot 572 10 Dni
AREAl VOLUME TIME PRESSURE DENSITY
0*2646 00 0.370400E 01 0.2000006-02 0.147000E 02 0.3338006-02

*TIME PRESSURE 06N3 U2z OPT
SECONDS PSI UE-S2/F4 FPS PSI

04200E-02 0.175340E 01 0.2567586-02 0.7208386 03 0,417152E 01
0.400E-02 0.342911E 01 0.2793856-02 0,633425E 03 0.349t13E 01
04600E-02 0.4946156 01 0.3001.33E-02 0.541952E C3 0.273895E 01
0.8006-02 0.630456E 01 0.31824?E-02 0.446425E 03 0.196972E 01

0*100E-01 0.7417,45E 01 0,333356E-02 0.35S257E 03 0,130742E 01

0*120E-01 0.8320686- 01 0.345634E-02 0.2782586 03 0.832226E 00
04140E-01 0.903745E 01 0.355376E--02 0.214539E 03 0.5090696 00
O*1b0EO01 0.956032E 01 0.362480E-02 0.153078E 03 0.264910E 00
0&IS0E-01 0.9870256 01 0.3666916-02 0.893267E 02 0.916?1IE-01
0&2006-Ot 0.980531E 01 0.3657226-02 -0.185512E C2 0.43600SE-02
0&220E-01 O.998?46E 01 0.3681956-02 0.520865E 02 0.313762E-01
0.2406-01 0.989922E 01 0.3667306-02 -0.2793896 02 0.9970566-02
0.260F-01 0.100929E 02 0.3694926-02 0.5804036 02 0.3905446-01
0*280 "0I 0.999089E 01 0.3679716-02 -0.289037E 02 0.107079E-01
0.3006-01 0.101906E 02 0.3706776-02 0.566746E 02 0.3734806-01
0.3206-01 0.100707E 02 0.366890E-02 -0.338546E 02 kl*147324E-01
0*3406-01 9.1027016 02 0.371589E-02 0.S640586 02 0.3707986-01
04360E-01 0.1014476 02 0.369723E-02 -0.352805f C2 0.160443E-01
0*380E-01 0.101336E 02 0.3723456--02 0.5468316 02 0,349239E-01
014006:01 0.102030E 02 0:3703286:02 -0.3805706 02 0*186942E-01
002E0t0131E 02 032SE0 .431 2 0394E0

1' 0440E-01 0.1024686 0 0.3707176-02 -0.421Z126 02 0.229292E-01
06460E-01 0.1027466 02 0.371093E-02 0.1820966 01 0.7164876-03
0&480E-01 0.9973376 01 0.3666186-02 -0.853004E 02 0.9299226-01
0.5006-01 0.963494E 01 0.361S89E-02 -0.9724?IE 02 011191196 00
0.520E-01 0.9270316 01 0.3561716-02 -0.106450E 03 0.140484E 00

0&540E-01 0.8909886 01 0.3508156-02 -0.106833E 03 0,139365E 00
04560E-01 0.8584516 01 0.3459811-02 -0.9771496 02 0.115072E 00
045580E-01 OF.8294266 01 0.3416686-02 -0.8821436 02 0,926719E-01
0.6006-01 0.8006656 01 0.3373956-02 -0.885162E 02 ý.i.921388E-01
0.6206-01 0.7706446 01 0,332934E-02 -0.936651E 02 0.101774E 00
016406-01 0.7400426 01 0.328387E-02 -0.9682196 02 0,101241E 00
0.660OE-01 0.7091596 01 0.3237986-02 -0.991116E 02 0.1107836 00
0.6806-01 0.6781446 01 0.3191896-02 -0.100986E 03 0.113358E 00
0.7006-01 0*648111E 01 0.3147276-02 -0.991614E 02 0.1077886 00

06720E-31 0.6196886 01 0.310503E-02 -0.9S0948E 02 0.9782746-01
01740E-01 V.5921246 01 0.3064086-02 -0.934433E 02 0.932233E-01I
0*760E-01 0.5650006 01 0.3023776-02 -0.931751E 02 0.9147156-01
01780-01 0.5380996 01 0.2983806-02 -0.936493E 02 0.9118046-01
016006-01 0.5116316 01 0.2944476-02 -0.933696E 02 0.8944376-01
04320E-01 Q.48S?40E 01 0.290600E-02 -0.9253916 02 0.867163E-01
0.8406-01 0.4601766 01 0.2868026-02 -0.9258096 02 0.856599E-01
0&860E-01 0*434?78E- 01 0.283028E-02 -0.93213SE 02 0.856884E-01
0.880E-01 0.409464E 01 0.2792676-02 -0.941573E 02 0.8626516-01
0.9006-01 0.3841976 01 0.2755126-0' -0.9521236 02 0.87L262"-1
04920E-01 0.359739E 01 0.2718786-02 -0.9344526 02 0.8272116-01
019406-01 0.3372626 01 0.2685386-02 -0.8690b0E 02 0.706971E-01
04960E-01 0.3146086 01 0.2654696-02 -0.8076306 02 0.6037476-01
019806-01 0.2968116 01 0.26S2528-02 -0*7826a5E 02 0.5607966-01
0.1006 00 0.2773836- 01 0.2596416-02 -0.776674E 02 0.546154E-01
0&102E 00 0.258106E 01 0.2547776-02 -0.779193E 02 0.543633E-01
0&1046 00 0*238893E 01 0.2539226-02 -0.7853676 02 0.5461306-01
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Table Ill. Continued 
9

Modpl 140 Shot 5772AREAI VOLUME TIME PRESURE DENSITYO.264E 00 0.370400E 01 0.200000E-02 0.147C000E 02 O.4218C0E-02

TIME PRESSURE DEN3 U2 OPT
SECONDS PSI UE-S2/F4 FPS PSI

Oe200E-02 0.230327E 01 0*262434E-02 O.905970E 03 0.64954SE 01
Ot400E-02 0.487529E 01, 0.294184E-02 0.880733E 03 0.681123E 01
O&600E-02 O'.757668E 01 0.326833E-02 OeS1899BE (13 0.65L329E 01
O&S00E-02 0.101186E 02 O.35?555E-02 0*70267.2E 03 O.525325E 01
0.IOOE-01 0.123963E 02 O.385165E-02 0.584606E 03 0.393174E 01
O412DE-01 0.143195E 02 0.408603E-02 0.466082F 03 0*266084ýE 010&140E-01 04.159016E 02 0.427941E-02 0.366182E 03 0.172487E 01
0&160E-01 00171821E 02 0.443602E-02 0.285523E 03 0.108922E 01O*180E-01 D.1818O6E 02 0.4S5809E-02 0.216121E 03 0.642600E 00
O4?0OE-O3. 0.189017E 02 0*464617E-02 0.152552E 03 0.327305E 00
O.220E-01 0.193448E 02 0.470026E-02 0.922286E 02 0*121500E 00
O.240E-01 0.194820E 02 0.4?1698E-02 0028261GE 02 0.11516LE-01
04260E-01 OG.195816E 02 0.472911E-02 0.204335E 02 0.603729E-02i
0Ot8E-01 Qe197499E 02 0.474959E-02 0034419?E 02 0.1?1662E-010*300E-O1 O.I9651'.E 02 0.476192E-02 0.206631E 02 0.620824E-020*320E-01 0.200195E 02 0*478233E-O2 0'.341146E 02 0*169576E-01
01340E-01 0.201202E 02 0-479455E-02 0.203567E 0z 0.605914E-02
06360E-01 Do202502E 02 0.481C30E-02 0.261949E 02 0.1C0461E-01
0*380E-01 O.201353E 02 0.47944SE-02 -0.230912E 02 00890080E-02O.400E-01 0.204118E 02 0.482795E-02 0.556334E 0? 0.453626E-01
O1420E-01 0.202099E 02 0.480016E-02 -0.404145E 02 0.273339E-01
O&440E-01 OF.205196E 02 0.4831!66E-02 0.621651E 02 0.56?629E-0I.
O&460E-01 0.20325SE 02 0.441097E-02 -0.38756SE 02 0.2519t2E-01
O&480E-01 O.203B00E- 02 0*401757E-02 00109106E 02 0.1?5151E-02
06500E-01 0.199338E 02 0.475629E-02 -0*899740E 02 0.134284E 00
0&520E-01 0.194936E 02 0.469583E-02 -0,899249E 02 0*132433E 00
96540E-01 0*190560E 02 0.463S74E-Oz -0.905429E 02 0.132537E 00
0L560E-O: 0*186234E 02 0.457633E-02 -0.90665SE 02 0.131193E O0
O&IsSOF-Ol 0.182019E 02 0.45184SE-02 -0.694740E 02 0.126158E 00
06600E-01 O.177904E 02 0.4461.93E-02 -0.684536E 02 0.121760E 00
0i.6201-01 0*173833E 02 0.440603E-02 -0.686136E 02 0.120669E 00I0&.640E-Ot 0.169782E, 02 0.435039E-02 -0.893173E 02 0.121041E 0001660E-01 0.165621E 02 0.429324E-02 -0.9296451 0)2 0.129440E 00
0L680E-01 0.1612661 02 0.423346E-02 -0.966693E 02 0.1436771 00
0LT00E-Di 0.156799E 02 0.4172101-02 -0*102805E 03 0.153671E 00
06720E-01. 0,152276E, 02 0.4109"E1-02 -0.105648E 03 0.159640E 00
0,ý740E-01 0.1477271 02 0.40475~2E-02 -0.107915E 03 0*164298E 00I00760E-01 0.143213E 02 0.398552E-02 -0.1087631 03 0*16423.41 000.7801-01 0.138922E 02 0.3926591-02 -3.104921E 03 0.150619E 00
068001-01 0.134915E 02 0.387156E-02 -0.9932461 02 00133140E 00
01820E-01 0.131056E 02 0.381657E-02 -0.969493E 02 0e.125129E 00
0&840E-01 0.127272E 02 0.3766591-02 -0.9641,02E 02 0.1220611 00
0&860E-01 0.123522E 02 0.371511E-02 -0.966274f 02 0.1214341 00
0.SSOE-01 0.119791E 02 0.3663861-02 -0.9772611 02 0.121991E 00
01900E-01 0.1160681 02 0.361274E-02 -0.968792E 02 0.123130E 00
0L920E-01 0.1124391 02 0.3562901-02 -0.9774471 02 0.1186691 00
01940E-01 0.109046E 02 0.351631E-02 -0.9265061 02 0*105031E 00
04960E-01 0.105675E 02 0.34?276E-02 -0.675712E 02 09928884"10
0&980E-01 0.102806E 02 0.3430611-02 -0.6579551 02 0.6608321-01
O&100E 00 0.9978061 01 0*31!890&E-02 -0.6561,041 02 0.8664191-01
04102E 00 0.967738E 01 0*?34777E-02 -0.861385E 02 0.6664381-01
0.104E 00 0.937749E 01 0.3306561-02 -0.986906 02 0.812566F-01
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,able TV. Fill Paramieters for Model 42

05 MAR 13 PAGE I
MAR4. 5,73 SRLESC2 FORTRAN. CT 16..47
* TB-175 COIJLTER-BAITY CHF6RL 4911 1

Model 42
,h,,t 5-""-3 5psi

ARE;J VCLUME TIME PRESSURE DENSITY
0.549E 00 0.4667COE 02 0.500000E-02 0.149800E 02 0*284400E-02

TIME PRESSURE DEN3 U2 OPT
SECONDS PSI UE-S2/F4 FPS PSI

0*500E-02 0.460720E 00 0*251603E-0Z 0.482794E 03 0.ISS320E 01
0.lOOE-01 0.903133E 0O 0.257940E-02 0.453459E 03 0s169?64F 01
0.150E-01 0.132236E 01 0.26394?E-02 0.421309Z 03 0.14957,ZE 01
0*20OE-01 0.111323E C-1 0*269557E-02 0.366122E 03 0.I12957! 01
09250E-01 0.206153E 01 0.2?4843E-02 0*351763E 03 0.111726E 01
0..300E-01 0.243375E 01 0.279892E-02 0.336436E 03 0.100355E 01
0.350E-01 0.276846E 01 O.284686E-02 0.314??0E 03 0.69137ZE 00
0.400E-31 0.308410E 01 0.289204E-02 0.292698E 03 0.761303E 00
0*450E-01 0.33?939E 01 0.293427E-02 0.270127! 03 0.673886E 00
0*500E-G1 0.365245! 01 0*297332E-02 0.246926E 03 0.569654E 00
0.550E-01 0.390253E 01 0.30090SE-02 0.Z23760E 03 0.472741E 00
0.600E-31 0.412676E 01 0.304143E-02 0.200489E 03 0.383154E 00
0*650E-01 0.433007E 01 0.307022E-02 0.176921! 03 0.300918F 00
0.700!-01 0.450519E 01 0.309527E-02 0.152?66E 03 0.226103E 00
0.750E-01 0.465593! 01 0.311683E-02 0.130670E 03 0.166452! 00
0.S00E-01 0.476472E 01 0.313525!-02 0.111004! 03 0.120766! 00
0.850E-01 0.466129! 01 0.314992E-0Z 0.880057'- 02 0*762746E-01
0.900E-01 0.495617! 0) 0.31597SE-OZ 0.58895'IE 02 0.342672E-01
0.9S0E-01 0.500188& 01 0.316631E-02 0.38695.7! 02 0.15061SE-01
00100E 00 0.504731E 01 0,31728&E-02 0.35653S! 02 0.146294!-01
0.105! 00 0.506263E 01 0.317500!-02 0.130201E 02 0.166531E-02
0.I1,0E 00 0.501969E 01 0.316820E-02 -0.36510t0E 02 0.1,46715E-01
0.115! 00 C.S01024! 01 0*3166?0!-02 -0.604541E 01 0.712003E-03
0.120E 00 0.505397! 01 0.317295E-02 0.371961E 02 0.1137364E-01
0.125E 00 0.507049E 01 0.317531E-02 0.140323! 02 0.195601E-02
0.130E 00 0.503519E 01 0.3169?2!-02 -0.299900E 02 0.990544E-02
fl.135E 00 0.505676! 01 0.317310E-02 0.200552S 02 0.399684E-02
0.140E 00 0.509157E 01 0*31771GE-02 0.2762868 02 0.77022?E-02
0.145! 00 0.507230! 01 0.31?'.73E-02 -0.16337SE 02 0.294416E-02
0.150E 00 0.5040461E 01 0.316969E-02 -0.21045SE 02 0.605601E-02
0.155! 00 0.503614! 01 0.316900E-02 -0.367194E 01 0.148391E-03
0.160! 03 0.506900! 01 0.3173?0E-02 0.279265! 02 0.775019E-02
0.165! 00 0.509002! 01 0.317670!-02 0.176333! 02 0.316411LE-02
0.170! 00 0.510661-* 01 0.317911E-02 0.142514E 02 0.202223E-02
0.175E 00 0.512456! 01 0.318164E-02 0.1,50126! 02 O.224540E-02
0.180! C0 0.514200E 01 O.316413E-02 0.14?612! 02 0.217214E-02
0.18FE 00 0.5031.72! 01 0*316668!-02 -0.942391! 02 0.971566"-1
0.190i: 00 0.485373E 01 0.313651E-02 -0.155646! 03 0.258966E 00
0.19!PE 00 0,463446E 01 0.3103S1E-02 -0.196544E 03 0.402565! 00
0.200! 00 0.438473E 01 0.306430E-02 -0.229747! 03 0.536359! 00
0.205! 00 0.411691E 01 0.302192E-02 -0.252367! 03 0.631647! 00
0.210! 00 0.363970! 01 0.29?S05E-02 -0.266695! 03 0.69166?! 00
0.215! 00 0.355443! 01 0.293291E-02 -0.260757! 03 0.746795! 00
0.'20E 00 0.3Z422SE 01 0.258667-02 -0.294221! 03 0.603457! 00
0.225! 00 0.297262! 01 0,264094E-02 -0.296739! 03 0.603434! 00
0.230! 00 0.269413E 01 0.279677E-02 -0.288613E 03 0.751403E 00
0.233! 00 0.Zt2611E 01 0,275436E-02 -0.260932! 03 0.703566! 00
0.240! 00 0.2i4794! 01 0.2?13S1!-02 -0.273699! 03 0.660575! 00
0*Z4SE 00 0.192440E 01 0.Z67497E-OZ -0.260196E 03 0.5923833 00
0.250! 00 0.110067E 01 0.263957E-@2 -0.240021! 03 0.502018E 00
0.255! 00 09149634E 01 0.260724E-02 -0.220@040E 03 0.420306! 00
0.260E 00 0.131106! 01 0.257792E-OZ -0.200239E 03 0.3484344 00
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Table IV. Continued

14od-I 4.2
Shot 5-73--' Cps~

AREA1 VOLUME TIME PRESSIJRF DENSITY
00.586 00 0.466700E 02 0.5OOOOOE-02 0,149100E 02 0.335400E-02

TI1ME PRESSURE 0EN3 UZ OPT
SECQNgs PSI UE-S2IF4 FPS PSI

0.5001-02 0.1503451 00 0.256462E-02 0.7192781 03 0.416995E 01
0.1001-01 0.154282E 01 0.2667151-02 0.677197E 03 0.3833471 01
00150E-01 0.2284621 01 0.2166691-02 0.6364901 03 0.3503201 01
0.2001-01 0.300317E (1 0.266304E-02 0.59712E 03 0.318189E 01
0.2501-01 0,369592E 01 0.2955901-02 0.5568831 03 0.287014E 01
0*.3001-01 0.4360551 01 0.304496E-02 0.521720E 03 0.Z56984E 01
0.3501-01 0.4995651 01 0.3130041-02 0.4660611 03 0.2287251 01
0.4001E-01 0.560003E 01 0.321099E-02 0.451857E 03 0.2022931 01
0*490"-1 0.6171101E 01 0*328747E-(52 0.417929E 03 0.1767921 01
0.500E-01 0.670629E 01 0*3359111"02 0.3841611 03 0.152336E 01
0.5501-01 0.1204841 01 0.34596-02 093515911 0A 0.1299061 010.64:01-01 0.7666061 01 0.3467801-02 0.320112E 03 0.109454E 01
0.6501-01 0o80934SE 01 0.3545081-02 0,292223E 03 0.9256741 00
0.7001-01 0.6491121 01 0.359832E-02 0.2660461 03 0.7693461 00
0.7501-JI 0*a85904E 01 0.3647551-02 0.2448201 03 0.6665@Q1 00
0.0001-01 0.9191431 01 0.3692801-02 0.Z22506E 03 0*556?79E 00
00850"-1 0.950257E 01 0*37335BE-02 0.1965641 03 0.4479161 00
0.9001-01 0.9770131 01 Ve3?693!S1-02 0.1725461 03 0.341273 00
0.9501-01 00999974E 01 00360004E-02 0.1469251 03 0.2493801 00
0.1001 00 0. 1019091E 02 0.362559E-02 0.121522E 03 0.1717341- 00
0.1051 00 0.1034291 02 0.384590-02 0.960344E 02 0.1079501 00
0.1101 00 0o1045431 02 0.3660601-02 0.701593 02 0.5760431-01
0*1151 @0 0*1052221 02 0.3869611-02 0.4257091 02 0.2134911-01
0:120E 00 0:105106E 02 0*186610E-02 0:7T26031E 01 0.708252E-03

0.130E 00 0.1060041 0? 0.3l$009E-02 0.271313F 02 0.8696561-02
0.1351 00 0.1064311 02 0.384580"-2 0.2665911 02 0.64Q6?2E-02
0.140E 00 0.1068511 02 0.3691481-02 0.2653541 02 0.6338851-02
0014SE 00 0.1070321 02 0.339382"-2 0.1090671 02 0.1410961-02
0.1501 00 0.1067461 02 093609411-02 -0.17792SkE 02 09427872E-02
8.155E 00 0.1070101 02 0.3693611-02 0.2054891 02 0o.5005111-02
0.1601 00 0.1067451 02 0.llOOSSE-02 -0.2055801 02 0.5711341-02
0.1651 00 0.A011801 02 0.3694651-02 0.2104191 02 0.8671731-02
0.1101 00 o0.103621 02 0.3697341-02 0.125347.' 02 0.1864611E-02
0.1151 00 0.I10621E 02 0*390053E-02 0.1495161 02 0.2621231-02
0.1601 00 001079361E 02 O.39O342E-0ia 0.1347741 02 0.2158271-02
0.1851E 00 0.1016641 02 0.3901061-02 -0.9567031 01 0.124040"-2
0.1901 00 0*1079711 02 0.3904901-02 0*1180531 02 0.3761661-02

* 00195E 00 0. 1066561 02 0.3864931-02 -0.8211961 02 0.9073021-01
0.2001 00 0.1046211 02 0.3654021-02 -0.1291271 03 0.2207211 00
0.2051 00 0*102212f 02 0.381743"-2 -0.1553621E 03 0.3144161 00
0.2101 00 0.995761 01 0.3771421-02 -0.1725511 03 0.3818511 00

* 0.2151 00 0.9674161 01 0.3134331-02 -0.1869321 03 0.4501861 00
0.220E 00 0.9372001 01 0.360031-02 -0.204944E 03 0.5202801 00
0.2251 00 0."90566 01 0.3640861-02 -0.216051 03 0.5603151 00
0.2301 00 0.8740601 01 0.3592521-02 -0.2231411 03 0.5966251 00
0.2351 00 009421811E 0I1 0.354410-02 -0.2269161 03 0*6011211 00
0.240E 00 0.8106421 01 0o349619"-2 -0.221641E 03 0.6031651 00
0.2451 00 6.179616 01 0.3449311-02 -0.225290 03 0.5634471 00
0.2501 00 0.1500531061 0.3404161E02 -0921"962E 03 0.5500061 00
0.2551 00 0.1210221 01 0.3360061-02 -0.2171211 03 0.5295331 00
09260f 00 0.6924161 01 6.3316611-2 -0.2167021 03 0.5207511 00
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Table IV. Conitinued
Model 42 Estimated 2Opsi

AREA1 VOLUME TIME PRESSURE DENSITY
0*549E 00 0*4667O0E 02 0.500000E-92 0.148630E T~2 *)4AIC~0E-')2

TIME PRESSURE DEN3 U2 OPT
SECONDS PSI UE-S2/F4 FPS PSI

Oe500E-02 Oe958799E 00 0*25S184E-O2 Oe905353E C3 0.651658E 01
001OOE-01 O.196370E 01, 0.270766E-02 0.894151E C.3 0.664663E 11
OeI50E-O1 O.30IS23E 01 O.263742E-C? 0.882410E 13 1*.676435E -.'I
0.200E-01 Oo41.l371E 01 0*297144E-02 0.870124E -3 0.686839E ~
0.250E-O1 00522681E 01 0.310546E-02 0.838906E 03 0.666223E :1
0*300"-0 0.63t80?E 01 0*323?25E-C2 0.189633F 03 0.614792E 01
O.350E-01 0.138325E 01 0*336590E-02 0*74218Cf 13 0.56403?E Z1
OS.OOE-01 0*S41857E r1 0*349093E-32 0*696S29F .3 'j.5145C6E 11
0.450E-01 0.942OT2E 01 0.361196E-02 0*652647E 0~3 0*466639E CI I0.500E-01. Oo103868E 02 0*372863E-C2 0*610'.BTE 03 O.420778E '-'
0.550E-O1 06.1131.42E 02 G*364064E-02 0*569995E r3 C*3771?6t '6'
0*600E-01 0.122010E 02 0.3947?3E-02 0*531104E ',3 1*336011E 01
0.650E-O1 00130452E 02 0.404q68E-02 C.493?44E C3 0*297395E 01
3.TOO0E-Ot 0*138454E 02 0.41,632E-02 Om.45783?E C3 0,261385E 01
0.TSOE-01 0*146003E 02 0*423749E-02 0.423299E C3 0.227994E. .7
09SOOE-01 0.1S3090E 02 0*4!2307E-02 0*39OC44E --3 1.197201C .1
0*850E-01 0.159705E 02 0.440297E-C2 0*357982E C3 0.l68958F C1
0.99OE-01 0.165842E 02 0.447709E-02 0.327"?20E C3 0.143197E ~i,
0*950E-01, 0.171496E 02 0.45453?E-02 0*29719 61E ^3 OeII9837E )I
00100E 00 0*1?6663E 02 0.4607?7E-32 0.268?3t'TE T3 C.98?915E .)0
0*105E 00 0.181338E 02 O.466423E-C2 O.239753E n3 0.799689E 30
00110E 00 0*18551SE C2 0*4714?1E-02 O.212168E r3 0.632?94E 300
O.115E 00 0.1S9199E 02 0.475916E-02 0*185192E r3 1.486373E ^0
0*120E 00 0*192377E 02 0,479754E-C2 0.158626E 13 C.35q645E 30
0.125E 00 0019504SE 02 0*4829??E-C2 0.13232CE 13 0.251932E %'0
0*130E 00 0*19?196E 02 0*485574E-02 0.IO10639E '3 Ool,62698j: 00
0.135E 00 0.198813E 02 0*48752?E-CZ 0.793894E ;52 0o916033E-:1
0*140E 00 Oot996S6E 02 0.4eS69?E-C2 0.51,4625E 02 0.386201E-01
0*145E 00 0.ZO072CE 02 0.489Z26E-02 0.173186F~ 02 Go4383261:-02
0.150E 00 0*199800E 02 0*488637E-C2 -0.Z04939E n2 0.713133E-C2
COM1E 00 0.Z0C232E 02 0*489159E-%'02 0.210934E ^2 Go65013TE-C2
0.1&OF 00 0.199900E 02 0.488554E-02 -0.210496E 02 Oo?522C7E-02
0.16SE 00 0*Z00232f 02 0.48901SE-02 0.21059TE 02 0.648062E-02
0.1?OE 00 0.1"SO0E 02 0.~S470-FE-02 -0.210491E 02 0.752043E-02
00175E 00 @.200232E 02 0.4SS991E-02 0.210616E 02 0*640194E-02
0*160E 00 0.1,998C0E 02 Oo488386E-02 -0.2t0510E C2 0.752053E-02
0.1SSE 00 0*200232E 02 0.488907E-022 O.210638E 02 0.648313E-Z2
0.190E 00 0.1.99800E C2 0*48S302E-n2 -0.210530E 1,2 3.752363E-C2
0019SE 00 0.200232E 02 0*488823E-02 0.2t0657F 02 0.648432E-02
0.200E 00 0.19980OE 02 0.488219E-02 -0.210549E C2 0*752072E-02
0.205E 00 0.ZOO23ZE 02 0.884SSE.0LC2 0.210677E 02 0*648552E-32
0.210E 20 0.L99800E 02 0*48813SE-32 -0.21C568E 02 C*752082E-32
0.21SE 00 0*200232E 02 0.46S656E-02 0.210696E 02 0*648671E-OZ
0.220E 00 0e199800E 02 0.48S052E-02 -0.210588E (%2 0*752091E-02
0.225E 00 0.200232E 02 0*488573E-02 0.21.0715E C2 C.648790E-02
0*230E 00 0.199800E 02 0*4a7969E-02 -0.2106TE 02 C.752101E-G2
0*235E 00 0.Z00232E 02 0.468490E-O2 0*Z10?3SE C2 0*648909E-02
0*240E 00 0*199600E 0-1 0*487885E-0Z -0.210626E 02 0.752110E-02
0.245E 00 0*200232E 02 0.4sa407E-oz 0.210754E (2 0.649CfE-02
0.2r50E 00 0.199800E 02 0948SY802E-02 -0,210645E G2 0.752120E-C2
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The force exerted by the air flow upon the cylinder is written as

Equation (P.

F = CD Ac Q, where (1)

C, is the experimentally determined coefficient of drag as a function
of the air flow Mach number, AC is the projected cross-sectional area
of the cylinder, and Q is the dynamic pressure of the air flow, found
from Equation (2).

Q = 1/2 Pu 2 , where (2)

both the density, p, and the air speed, u, were allowed to vary as in
Equation (3) and (4).

P 'X Pl + (Pfill - Pl) t/tfill; (3)

here Pl is the ambient density before filling the room and Pfill is the
air density to which it fills. The ratio, t/tfill, is elapsed time to
total fill time for the room. p was varied in a similar way.

u = Umax - (Umax) t/tfill, (4)

where Ueax is the initial maximum air speed as filling begins and goes
to zero when the room has filled. The equations are not valid for
times greater than the fill time.

The coefficient of drag varied as Equation (5).

CD - Cmax - (Cmax -C 1 ) t/tfill, (5)

where Cmax is the value for maximum air speed and CI is the lower
limit for the minimum drag coefficient. These values are plotted as
Figure 20. See also Ref. S and 6.

Acceleration is then given by

a = I*r Q AC/m, where (6)

m is the mass of the cylinder exposed to the flow. Incremental calcul-
ations for velocity and displacement can be made for a time At. A
value of At about equal to tfill/ 2 0 gives sufficiently closed-spaced
values for the motion par&,eters.

Predictions of the cylinders motion for e-.ch model tested, and
also for an example of a full size basement shelter, are given for
input shock over pressures of 5-20 psi. Those for the models are shown
in Tables V and VI and Fig. 21-26. Predictions for the full size
basements are given in Appendix F.
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Table V. Motion Predictions for Model 40

Shot 569 5 psi

Time,sec Distance,ft Velccity, ft/sec Acceleratiom., ft/sec2

.00100 .00066 .00000 669.86310

.00200 .00192 .66986 586.93502

.00300 .00369 1.23679 509.69365

.00400 .00589 1.76649 438.07990

.00500 .00847 2.20457 372.03910

.00600 .01136 2.57661 311.52094

.00700 .01450 2.88813 256.47934

.00800 .0i785 3.14461 206.87238

.00900 .02137 3.35148 162.66228

.01000 .02501 3.51414 123.815..9

.0lO0 .02873 3.63796 90.30166

.01200 .03252 3.72826 62.09557

.01300 .03635 3.79035 39.17513

.01400) .04020 3.82953 21.52228

.01500 .04407 3.85105 9.72284.01600 .04793 3.86017 1.S,6641

.01700 .05179 3.86214 .04640

Shot 572 10 psi

.00100 .00208 .00000 2080.58493

.00200 .00600 2.08058 1842.66474

.00300 .01155 3.92324 1623.10544

.00400 .01851 5.54635 1421.04520
.00500 .02672 6.96740 1235.66792
.00600 .03598 8.20306 1066.19946
.00700 .04617 9.26926 911,90399
.00800 .05712 10.18117 772.08078
.00900 .06872 10.95325 646.06114
.01000 .08085 11.59931 533.20560
.01100 .09342 12.13251 f32.90132
.01200 .10633 12.56542 344.55968
.01300 .11950 12.90998 267.61405
.01400 .13288 13.17759 201.51766
.01500 .14641 13.37911 145.74168
.01600 .16003 13.52485 99.77341
.01700 .17372 13.62462 63.11456
.01800 .18744 13.68774 35.27967
.01900 .20118 13.72302 15.79463
.0200C .21493 13.73881 4.19530
.02100 .22867 13.74301 .0261?

Shot 577 20 psi

.00200 .01307 4.53156 4013.64942

.00400 .04035 12.08453 3105.80021

.00600 .07850 17.90085 2351.08489

.00800 .12478 22.27722 1731.04238

.01000 .17696 25.47468 1229.60016

.01200 .23324 27.72315 832.58625
.01400 .29222 29.22496 527.33311
.01600 .35284 30.15779 302.35347

O.180n .41434 30.67677 147.07270
:02000 .47622 30.91630 51.60671
.02200 .53821 30.99127 6.57681
.02400 .60021 30.99799 2.95563
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Table VI. Motion Predictions for Model 42

Shot 5-73-3 5psi 2•2
Timesec Distanceft Velocityft/sec Accel.,ft/sec

.01000 .04897 3.39113 602.63160

.02000 .15133 9,06674 467.54344

.C3000 .29456 13.44227 352.33537

.04000 .46807 16.71229 255.39463

.05000 .66301 19.05603 175.40402
.06000 .87220 20 64017 111.30242
.07D00 1.08997 21.62139 62.25415
.08000 1.31214 22.14851 27.62541
.09000 1.53596 22.36449 6.96681
.10000 1.76004 22.40824 .00107

Shot 5-73-6 lOpsi

.01000 .15824 10.98767 1934.70696

.02000 .48692 29.15310 1465.78838

.03000 .94553 43.05478 1122.58405

.04000 1.50135 53.50813 829.48486

.05000 2.12804 C1.18249 594.56092

.06000 2.80460 66.63500 408.57068

.07000 3.51456 70.33584 264.26611
.08000 4.24533 72.68668 155.89590
.09000 4.98765 74.03469 78.84369
.10000 5.73521 74.68322 29.35989
.11000 6.48432 74.89987 4.35925
.12000 7.23358 74.92276 1.26504

Estivated 20psi

.01000 .33799 23.61066 4075.55450

.02000 1.02925 61.56092 3025.93824

.03000 1.98177 89.68717 2225.97704
.04000 3.12518 110.31112 1611.90000
.05000 4.40539 125.17205 1139.80640
.06000 5.78092 135.60571 778.63024
.07000 7.22C1? 142.66057 505.83806
.08000 8.69954 147.17569 304.70235
.09000 10.201S4 149.83377 162.51672
.10000 11.71566 151.19813 69.39162
.11000 13.23348 151.73856 17.41764
.12000 14.75198 151.84956 .06669
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V. SIMMARY AND CONCLUSIONS

Results obtained from the exposure of two 1/12th scale model base-
ment shelters to shock waves are summarized in Part A. The results
obtained and conclusions reached from the experiments are applied in
Part B to several cases of full size basement shelters.

A. Summary of Experiments

Two 1/12th scale models of basement shelters were built to simulate
full size basements which would hold a maximum of 80 and 1000 shelterees.
The models were then exposed to range of input shock waves, Ps = 5-20 psi,
from the BRL Shock Tubes.

Small nylon cylinders were placed inside the models and exposed
at various floor locatiwns, including areas of high speed air flow.
High speed photography was used to record the motion of the cylinders
during the air flow into the models from the shock tubes.

Predictions of the interior flows within the model were made by
)mputer codes with two-dimensional assumptions. These were found to

.apresent sufficiently the Tesults from the actual three-dimensional
.nodels tested.

A general trend was observed from a study of the two scaled models.
For an increase in the V/A ratio, there was a corresponding increase in
flow duration available for translation of objects inside the shelter.
A sca!'d duration is assumed for the input shock waves. This is
illustrated by comparing the V/A values and the translation calculations
for the two models. Model 40 has a V/A of 14 feet and Model 42 one of
85 feet, a factor of 6 between the two. The calculated filling times
are 17 msec and 100 msec respectively, a factor of 5.9. A set of maximum
translation velocities for a cylinder in the midst of the incoming flow
for 5 psi input was found experimentally to be 2.9 ft/sec and 14.7 ft/sec
respectively, a factor of about 5. This is somewhat less than the other
factors shown, but does illustrate that the maximum translation is closely
related to the V/A and fill times for a shelter. Predictions are given
in Part B, fcllowing this trend, for several sizes of basement shelters.

8. Predictions for Full Size Basement Shelters

Prediction of filling curves of pressure in four basement shelter
sizes (20 x 40 x 8 feet, 30 x 60 x 8 feet, 40 x 80 x 8 feet, and 70 x
144 x 8 feet) are given in Appendix F. At 10 ft 2 /shelteree, the shelters
would accomadate a maximum of about 80, 180, 320 and 1000 shelterees,
respectively. The basement shelters are listed in Table VII.

The Tressure-time fil! predictions were made from the BRL Filling
Code, Ref. 1, for input pressures of 3, 5, 10, 15 and 20 psi. The blast
waves are assumed to have come from a I-MT explosion, calculated from Ref.7.
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The flow parameters from the fill predictions; along with size, weight
and coefficient of drag; were used to predict the translation of a
156 pcund cylinder 15 3/4 inches diameter x 22 inches high. In addition,
the fill parameters for the fourth basement were used to calculate the
translation for a 170 pound cylinder in order to exactly match the
cylinders used with Model 42.

The pressure-time filling curves and tables of corresponding motiou
parameters for the full size basement shelters are given in Appendix F.
The parameters given are maximum since the maximum incoming flew
paramet~ers are used. Floor friction and gravity are neglected in the
given predictions.

The calculations of translation for the cylinders were stopped at
times cor-?esponding to the time for the basements to fill to the outside
blast pressure. The translation velocities were assumed maximum at the
times of fill. The cylinders were assumed to continue at these maximum
predicted velocities until the rear or other basement wall was struck.
As mentioned above, hitting the floor or ceiling was assumed not to slow
the cylinder, although the tumbling rate was experimentally observed to
increase after such an impact of a nylon cylinder with the wooden flocr
of the basement models. Gravity and friction would of course act to
J-.crease these maximum values for some objects.

, Table VIII illustrates the scaling comparison for Model 42 and the
simUated full size basement shelter. Also, the effect of a change in
input blast wave shape is shown for comparison. The translation para-
meters have been calculated for these conditions. Figure 27 shows the
maximum translation velocity predicted for a cylinder in each of these
situatio:, as a function of fraction of fill time. The scaled model and
full size basements are shown with the lower curve illustrating the
decreased vilocity because of the exponential type blast wave usedfcr
the input. 4The present experiments with flat shock waves overestimate
the maximum locity when applied to a true field situation with an
exponentiall decaying blast wave.

Figures 2 and 29 illustrate input pressure dependence and V/A
effect upon poss ble object translation at the end of fil. time. For
example, for the -ýMT blast wave assumed, to stay below some maximum
translational ve 'i ty of say 20 ft/sec, the limits would be 10 psi
input for a sheltei with a V/A of slightly less than 500 feet. Similar
graphs may be plottc.l for other input blast conditions and V/A ratios.
In this manner, naxi,ý m effects might be calculated for any given base-
ment shelter situatior
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Table VIII. Prediction of Translation for a Cylinder

A. Model 42--70x144x8 in.--Entrance, 80 in 2

1.56 oz. cylinder, 1.28 in. dia xl.83 in. high

5 psi S 1/2 ft. shock tube

Time,sec Distance,ft Velocity, ft/sec Acceleration,ft/sec 2

.010On .04570 3.16880 560.53646
.02000 .14080 8.43497 430.00609
.03000 .27324 12.44621 319.20894
.04n00) .43286 15.39590 226.63883
.05n00 .61127 17.46307 151.07080
.0600') .80171 18.81516 91.52560
.07000 .99900 19.61037 47.24209
.08000 1.19944 19.99978 17.65641
.09001) 1.40079 20.12931 2.38667
.100011 1.60223 20.14148 1.22266

B. Full Size Basement--70x144x8 ft--Entrance, 80 ft 2

5 psi Flat, IS6 lb. cylinder, 15 3/4 in. dia

x 22 in. high

Time,sec Distance,ft Velocity, ft/sec Acceleration,ft/sec 2

.1000o .43790 3.01740 54.46407

.20000 1.36619 8.18815 43.79302

.30n00 2.68507 12.32662 34.48763
.40000 4.30787 15.56675 26.44726
.50000 6.16012 18.03283 19.58738
.60000 8.17882 19.84108 13.83752
.700n0 10.31177 21.10097 9.13980
.80ong 12.51704 21.91649 5.44756
:non,), 14.76257 22.38721 2.724'42

1.00no0 17.92586 22.60930 .94350

1.100l' 19.29373 22.67650 .08684

C. Full Size Basement--70x144x8 ft--Entrance, 80 ft/sec

s psi I-MTi 156 lb. cylinder, 15 3/4 in. dia x 22 in. high

Time,sec Distance,ft Velocity, ft/sec Acceleration,ft/sec2

.050nO .13994 .00000 55.97806
.0Oonn .39673 2.79890 46.73701

15000 .74958 5.13575 38.42488
.40006 1.17994 7.05699 31.00341
.25000 1.67139 8.60716 24.43891
.30000 2.20960 9.82911 18.70190
.35000 2.78223 10.76421 13.76683
.4000.1 3.37889 11.45255 9.61184
.45000 3.99109 11.93314 6.21856
.50000 4.61222 12.24407 3.57191
.55000 5.23751 12.42266 1.66001
.600o0 5.86398 12.50566 .47400
.650o0 6.49047 12.52936 .00801
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Table VIII-Continued

P. Full Size Basement--70x144x8 ft

5 psi Flat 170 lb cylinder, 1.28 ft dia. Y 1.83 ft.high

Time,sec Distance, ft Velocity, ft/sec Acceleration,ft/sec

.10000 .38960 2.68334 48.50786
.20000 1.21659 7.29191 39.12192
.30000 2.39302 10.99161 30.90402
.40000 3.84218 13.89723 23.77636
.50000 5.49797 16.11606 17.67310
.60000 7.30423 17.74912 12.53906
.70010 9.21426 18.89212 8.32859
.80000 11.19042 19.63644 5.00470
.90000 13.20376 20.06996 2.53833

1.00000 15.23382 20.27787 .90804
1.10000 17.26840 20.34335 .09913

E. Full Size Basement--70x144x8 ft

I

5 psi Flat 170 cylinder, 1.28ft.dia x 1.85ft. high

Time,sec Distance,ft Velocity,ft/sec Acceleration,ft/sec

.10000 .35290 2.48855 41.61791

.15000 .66704 4.56945 34.26884

.20000 1.05042 6.28289 27.69416

.25000 1.48647 7.66760 21.86757

.30000 1.96843 8.76098 16.76599
.35000 2.47932 9.59928 12.36934
.40000 3.01186 10.21774 8.66040
.45000 3.55846 10.65076 5.624!64
.50000 4.11318 10.93200 3.25010
.55000 4.67173 11.09450 1.52732
.60000 5.23140 11.17087 .44924
.65000 5.79109 11.19333 .01113
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APPENDIX B

HIGH SPEED PHOTOGRAPHS-MODEL 40
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SHOT 569

FRAME NvUMBER TIM;E ,MSEC FRAME NUMBER TIME, MSEC

0 260 9-

40 148 360 1336

00 2 i-. 460170.7

140 51.9 11900 704.9

Figure B-i. End View, Cylinders on Row 1--S.2 psi
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SHOT 569

FRAME NUMBER TIMEJAMC rRAME NUM ER TIME. MSEC.

I .. 276 82.6

566



SHOT 570

FRAME NUMBER TIME, MSEC FRAME NUMBER TIME,MSEC.

0 0 154 56.5

- -f

34 4 78,5

54 19.O 274 100.6

94 34.5 614 Z25.3

Figure B-3. End View, Cylinders on Row 1-10.2 psi
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SHOT 570

FRAME NUMBER TIME, MSEC FRAME NUMBER TIME MSEC.

13 153 50.3 1

33 11.3 193 6.

73 24.3 26.33

IrkI5Ii:

113 37.3 493 160.8

Figure B-4. Side View, Cylinders on Row 1--10.2 psi
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SHOT 574

FRAME NUMBER TIME , MSEC. FRAME NUMBER TIME MSEC.

0 lBS

-47-

e

3.1 468 1o0.0

Is 6.9 728 2W0.0

26 10.8 1126 4338

Figure B-5. End View, Cylinders on Row 1--24.3 psi
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s~or 574

FRAME NUMBER TIME, MSEC. FRAM4E NUMBER TIME MSEC.

91 317.5

55m

72 2 1. 7 5;5 150.0

'igu.'e B-6. Side View, Cylinders on Row 1--20.3 psi
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SHOT 578

FRAME NUMBER TIM.-,MSEC. FRAME NUM8BER TIME,,MSEC

o 366 138.8

32.6 566 214 7
I

166 630

226 6•.7

Figure 8-7. ijnd View, Cylinders on Row 2--5.3 psi
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SHlOT 578

FRAME NuMBER T IME. 1 SC FRAME NUMBER TIME MSEC

27 10i 1147

227 70.:Z 1368 4125

667 20?2

I i grc B-. Side View, Cylinders on Row 2-53psi
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SHOT 571

FRAME NUMBER TIME, MSEC FRA E NUMBER TIME MSEC.

0520 1981

80 305 860 327.7

140 53.3 1480 5639

220 83e 1740 663

Figurc b-9. Lnd View, Cylinders on Row 2--10.2 Osi
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SHOT 571

FRAME NUMBER TIME,MSEC. FRAME NUMBER TIME.MSEC.

10 3.8 150 44 ./7

- - t

30 9.6 189 56.1I I"
I I

70 21.3 377 Ills0I Im

IeO 33.0 637 187.7

Figure B-!O. Side View, Cylinders on Row 2--10.2 psi
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SHOT 575

FRAME NUMBER TIME, MSEC. FRAME NUMBER TIME, MSEC.

r'i
0 90 33.5

10 3.7 150 55.8

20 74 230 85.6

30 11.2 650 241.8

Figure B-1l. End View, Cylinders on Row 2--20.2 psi
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SHOT 575

FRAME ýUMBER TIME, MSEC. FRAME NUMBER TIME. MSEC.

- t

6 22 94 283

'54 58 47

I.45e83.

58 176 1018 302.1

Figuzre R-12. Side View, Cy.indcrs on !low 2--20.2 'psi

86



END VIEW SHOT 579 SIDE VIEW

FRAME NUMBER TIME,MSEC FRAME NUMBER TIMEs MSEC

0 05 5.90I

200 78.6 135 419

440 172 8 435 13, 9

860 3378 545 1797

Figure B-13. End and Side Views, Cylinders on Row 3--S.1 psi
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END VIEW SHOT 572 SIDE VIEW

FRAME NUMBEP TIME, MSEC FRAME NUMBER TIME MSEC

0 7 2.6

!I

,,,,... ._.._

130 49 2 27 8.5

230 &7 0 107 32.0

590 223 Z 407 1202

Figure B-14. End and Side Views, Cylinders on Row 3--10.0 psi
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SHOT 580

FRAME IUMBER ME USEC

NO SIDE VIEW

ON THIS SHOT

0 0

425 157.2

S~I

80 297.9 I

1005 371.9

_' • :: :.. .. .. F ig u re B - 6 S. En d V 'iew , C y lin d e r s on R ow 5 - -5 .1 p s i

!1 III89



END VIEW SHOT 573 SIDE VIEW

FRAME NUMBER TIME, MSEC FRAME NUMBER TIMEMSEC.

0 0 250 70.0
II

191 75.0 530 148.4 .

Ii

1 91 114.3 730 204.4

II

511 930 260.4

Figure B-16. End and Side V'iews, Cylinders on Row S--10.2 psi
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SHOT 577

FRAME NUMBER TIME MSFC. FRAME NUMBER TIME MSEC

0 22781

47 :6.9 367 131.8

L. 1

107 38.4 467 167.7

167 60.0 547 196 4

Fig.urrc -V. Id Vicw, Cylinders on Row 5--20.2 psi
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SHOT 577

FRAME NUMBER TIME, MSEC. FRAME NUMBER TIME, MSEC.

607 211.9 907 250.2

I
4

667 184.0

747 206.1

827 228.2

Figure B-18. Side View, Cylinders on Row 5--20.2 psi

92.



SHOT 577

FRAME NUMBER TIME taEC. FRAME NUMBER TI MSEC

0 227 8I.

q II I
4? 16.9 3S7 131.8

4 V;07 38.4 467 1677

167 600 547 196 4

Figurc Is-F. hid View, Cylinders on Row 5--20.2, psi
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SNOT 577

FRAME NUMBER TIME, MSEC. FRAME NUMBER TIME. MSEC.

607 217.9 907 250.2

(57 184.0

I!, T"

747 206.1

827 228.2

Figure B-IS. Side View, Cylinders mn Row 5--20.2 psi
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SHOT 5-73-3

FRAME NUMBER TIME. MSEC. FRAME NUMBER TIME . MSEC.

S157 86.5

3? 2s.6 IgO 96.

5? 33. 240

p4,,

11 65.?

Figure C-1 Camera 1, Side View Model 42--S psi
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SHOT 5-73-3

FRAME NUMBER TIME MSEC. FRAME NUMBER TIME ,MSEC.

I0 4.3 159.3

I _F

122 52.3 1924

218 93.4 245.4

298 126.7 702

Figure C-2. Camera 2, Side View Model 42--5 psi
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SlOT 5- 73-3

FRAME NUMBER TIME FRAME NUMBER TIME, MSEC.

782 311.7 1202 461.4

862 340.5

1002 390.5

III
A

1082 418.8

Figure C-2. Continued
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SHOT 5-73-6
CAMERA I

FRAME NUMBER TIME,MSEC. FRAME NUMBER TIME.MSEC.

1.2 126 71.4

46 26.7 146 81.9!II

86 50.1 166 92.4

106 60.9 286 i55.

Figure C-3. Camera 1, Side View Model 42--0 psi

98:



SHOT 5-73-6
CAMERA 2

FRAME NUMBER TIMEMSEC. FRAME NUMBER TIME, MSEC.

9 4.3 154 73.3

74 35.4 194 91.3

94 45.0 234 109.5

134 64.0 254 110.4

Figure C-4. Camera 2, Side View Model 42--10 psi

99
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SHOT- 5-73-6
CAMERA 2

FRAME NLUMBER TIME, MSEC. FRAME NUMBER TIME M•EC.

294 136.0 436 1972

340 155.9 476 214.0f

380 173.2

396 179.9

Figure C-4. Continued

beptoduced from
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Table D-I. input Parameters for RIPPLE Code Predictions--Model

Input shock pressure, 10 psi
Shock density, 0.00 3349 slugs/ft'
Shock particle speed, 436.4 ft/sec
Shock temperature, 159.4,*F
Shock sound speed, 1219.3 ft/sec
Ambient pressure, 14.7 psi
Ambient temperature, 72"F
Ambient sound speed, 1129.9 ft/sec
Ambient density of air, 0.002321 slugs/ft.3

Ambient air speed, O.Oft/sec

Notes--l. Model was assumeL to be two-dimensional for purpose of
RIPPLE predictions.

2. Angle of flow is positive in upper quadrants and negative
in lower quadrants.

+180 - +-0 0

3. Time equals zero at room side of entrance.

103I
P

4 psibpulgslnk Ii,I[



* . I L

"~1

1--2.1 2261 32,1-

LI NE 5-1,

IiI
I-"-

-*1

-i

•12,41 22,41 32,41 -2

-0 + + ---

7LINE 3

-- 12.21 22,21 32,21

10 + ± t
A C

,4 _4

L4U.LLL -LL

~~LN I22 222-2,I.

0.0 C.. rO. ID.

X, IN.

VELc-OCITY FIEAD

0.0~ -0 .05 '1LL '0.C C5. ,"0. -L

VELOCITY VECTOR-- EQUALS A36 FT/SEC

Figure D-1. Velocity Field at -0.058 milliseconds
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St
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V -

I.-. .
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XIN

I-.

1.o

I. .

if. ,7 -L 1 E f. .'. 50*

1051

. . . . . . . . . ........ ........ , ,,........,~.-:•

I I". .. . . . . .--.- I''.+ I,"•;,•,.••

0.3 5, O.O 50 ?.

X, IN. "

VElOCITY FIE'.lDo•+
- ;•' 12790 'i:.L~ t C 1,('.Yc".: " ;0+

4 Figure D-2. V•.locity Field at 1.28 milliseconds
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AJ A. J

- 0I

X 1N1J

4i

• L%

"" •...............1.
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:" N

X .IN. .
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Figure D-3. Velocity Field at 1.67 milliseconds
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Figure D-11. Velocity Field at 6.09 milliseconds
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TABLE E-I. Input Parameters for RIPPLE Code Pre"i-tJ.ions-Model 42

Input shock pressure, 10 psi
Shock density, 0.003349 slugs/ft3

Shock particle speed, 436.4 ft/sec
Shock temperature, 159.S"F
Shock sound speed, 1219.3 ft/sec
Ambient pressure, 14.7 psi
Ambient temperature, 72°F
Ambient sound speed, 1129.9 ft/sec
Ambient density of air, 0.002321 slug/ft 3

Ambient air speed, 0.0 ft/sec ]

Notes-1. Model 42 was assumed to be two dimensional for RIPPLE
predictions. Also, stairway door opening was changed to 6 inches,
instead of 5 inches, for code use.

2. Constant coefficient of drag assumed to be 0.5 for cylinders.

3. Angle of flow is positive in upper quadrants and negative in

lower quadrants.

+1800 -

4. Time equals zero at exit of second (stairway) opening.

1
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CaO~rATI01JAL GRID

Nhuber of columin = 45

I DELTA X (ft) X (ft)

1 1I.4M5240000 ]1.'19521400.)0
2 4.929290000 16.4214530000
3 2.1137311000 18.538264000
4 .906393000 19.4411657000
5 .38O671500 19.333328500
6 .166666700 19.9999952007 .166666700 20.1666619n08 .16,6667oo 20.33332,600
9 .166666730 20.499995300

10 .166666700 20.666662000
11 .166666700 20.833328700
12 .166666700 2o.999995100
13 .166666700 21.166662100
14 .166666700 21.333323800
15 .166666700 21.499995500
16 .166666700 21.66666220017 .166666700 21.833328900
18 .166666700 21.999995600
19 .166666700 22.166662300S20 .166666700 22.333329000
21 .166666700 22.49999571)0
22 .166666700 22.6666d62400
23 .166666700 22.833329100
24 .166666700 22.999995800
25 .166666700 23.166662500
26 .166666700 23.333329200
27 .166666700 23.499995900
28 .166666700 23.666662600
29 .166666700 23.833329300
30 .166666700 23.999996000
31 .166666700 214.166662700
32 .166666700 211.333329400
33 .166666700 211.499996100
34 .166666700 214.666662800
35 .166666700 24.83332950036 .166666700 24.999996200
37 ,166666700 25.1666629o0
38 .166666700 25.333329600
39 .166666700 25.1499996300
40 .166666700 25.666663LJO
41 .166666700 25.833329700
42 .498822500 26.332152200
43 1.492944000 27.825096200
44 4.468284000 32.293380200
45 13.373280000 45.666660200

Table E-1 (Continued)

1- 30130 *1'-.



f

Nwnber Of rOws 83
J DELTA Y (ft) Y (ft)
1. .c20371000 1.5208710002 1.10305"7000 2.621928 00 03 .80860GO 00 3.'138"3'100( •589602600 4. 0230367005 . II299141o0 '1. 4579503006 .313475800 4.77111266no

.22S5718•00 5.0000001100
8 .166666700 5.1666671009 .166666700 5.33313380010 .166666700 5.5000(0050011 .166666700 5.66666720012 .166666700 5.83333390013 .166666700 6.0000006o014 •.160666700 6.166667300

15 .166666700 6.333334000
,16 .166666700 6.500000700(

17 .166666700 6.666667400
18 .166666700 6.83333420019 .166666700 7.000000o0,20 .166666700 7.166667600241 .166666700 7.833333J00
25 .166666700 7.50300o 90o23 .1666'0700 7.66666760024 .166666700 7.333334300

26 .166666700 8.000901000
29 .166666700 8.166667700

30 .166666700 8.833334400
31 .166666700 8.50000110029 .166666700 8.66666780030 .166666700 8.833334500

32 .166666700 9.000001200
38 .166666700 9.166667900
39 .166666700 9.333334600
34 .166666700 9.50000130036 .166666700 9.666668o00
37 .1666667oo 9.833334700

37 .666670010.000-00140038 .166666700 10.166668100
39 .166666700 10. 333334800•40 .166666700 1.0.500001500

Table E-1 (Continued)
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DELTA Y (ft) Y (ftI
42 .166667oo0 10.6-666;,200
'12 .166666700 10.8333314900
3 -1666666'00 11.000001.600

:4 .166666700 11.166663300
"5 .166 666700 11.333335000
: .166666700 11.500o01700117 .16o666700 11.66666(14o048 .166666700 11.833335103

49 .166666700 12.000OOo001
:0 .166666700 12.!66668500

.16,6666700 12.333335200
.166666700 12.500M,1900

53 .166666700 12.6666696o0
51i .166606700 12.833335300
55 .166666700 13.000002000
56 .166666700 13.166668700
57 .1t,6666700 13.3333351100
58 .166666700 13.5o0oC210o59 .166666700 13.6666oo800
60 .166666700 13.833335500
61 .166666700 14.000002200
62 .166666700 14.16666890063 .166666700 111.33333560064 .166666700 14.500002300
65 .166666700 14.666669000
66 .166666700 14.833335700

S67 .16666700 15.000002400
68 .166666700 15.166669100
69 .166666700 15.333335800
70 .166666700 15.500002500
71 .166666700 15.666669200
:2 .166666700 15.833335900
i3 .166666700 16.000002600
74 .166666700 16.166669300
75 .166666700 16.333336000
78 .166666700 17.500002700
77 .166666700 16.66666940078 .1666'65700 16.833336100
79 .166666700 17.000002800
60 .166666700 17.166669500
81 .1666W6700 17.33333620082 .166666700 17.50000290083 *.L666667oo 17.666669600

Tible E-1 (Continued
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Table E-II Flow "'arameters for RIPPLE Code rredictions - Model 42

Time Cell No. Air Speed, ux Air Speed, pymsec -xy ft/sec ft/sec

1.10 8 24 -19.5 55.8

36 - .1 .1
48 .0 .0

06 .0 .013 78 .0 .0
15 24 -47.7 59.5

36 - 1.1 3.8
48 .0 .0
66 .0 .0

18 24 1.8 122.4
36 .0 6.4

48 .0 .0
66 .0 .0

24 24 51.7 40.0
36 .7 1.1
48 .0 .0
66 .0 .0

32 24 7.4 3.7
36 .0 .0
48 .0 .0
66 .0 .0

36 18 4.8 .6
78 .0 .0

2.07 8 24 23.4 158.6
36 -6.2 21.2

48 .0 .0
66 .0 .0

13 78 .0 .0
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Table E-I (Continued)
Time Cell No. Air Speed, ux Air Speed,uy
msec x ft/sec ft/sec

15 24 -12.8 88.6
36 -12.8 31.6

48 - .1 .3
66 .0 .0

18 24 35.5 137.9

36 .2 60.8
48 .0 .4
66 .0 .0

24 24 55.2 32.5
36 14.7 31.2
48 .1 .1
66 .0 .0

32 24 39.4 14.236 
2.8 

2.9

48 .& .0
66 .0 .0

36 18 33.0 4.2

78 .0 .04.03 8 24 47.0 198.f

36 10.3 117.9
48 .9 S5.6
66 .0 .013 78 .0 .0

15 24 49.4 65.9
36 49.8 119.1
48 - 2.1 26.1
66 .0

18 24 95.9 255.4
36 62.3 109.7
48 1.1 47.6
66 .0 .0

134
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Table E-II (Continued)

Time Cell No. Air Speed, ux Air Speed,py
msec x y ft/sec ft/sec

24 24 145.9 27.3

36 45.4 55.1

48 7.5 31.8

66 .0 .0

32 24 46.1 16.1

36 25.6 23.8

43 iO.1 14.8

66 .0 .0

36 18 16.5 6.0

78 .0 .0

6.96 8 24 83.6 338.0

36 17.0 141.S

48 5.1 93.0

66 3.9 65.2

13 78 - .1 4.4

15 24 94.5 34.6

36 47.0 100.6
42 29.0 86.9

66 11.5 54.1

18 24 116.9 225.6

36 48.7 116.7

48 37.3 85.8

66 13.5 SS.4

24 24 149.3 40.3

36 74.5 79.3

48 46.3 75.7

66 9.6 33.9

1
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Table E-11 (Continued)

Time Cell No. Air Speed, iix Air Specd,viy
m-sec x yft/sec ft/sec

32 24 74.2 13.0

36 55.7 51.4

43 45.9 74.2

66 8.2 21.9

36 18 39.9 - .2

78 .3 .8

8.89 8 24 83.3 439.8

36 24.9 181.6

48 5.3 105.7

66 3.0 74.6

13 78 8.3 53.7

15 24 62.7 4.2

f36 42.7 99.3

48 20.8 87.9

66 16.3 72.6

.ig 24 147.1 219.5

36 36.2 121.1

48 23.4 96.8

66 20.6 73.6

24 24 148.9 46.4

36 72.7 89.4

48 35.4 84.2

66 24.3 74.3

32 24 39.2 4.8

36 28.1 55.1

48 18.1 73.7

66 -5.7

36 18 .7

78 4.4 24.6

1364
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Table E-II (Continued)

"Time .. Air Speed, px Air Speed, uy

asec y ft/sec ft/sec

10.75 8 24 76.9 515.3

36 44.5 232.3

48 7.0 130.4

66 .6 o9.2

13 78 13.1 8.3

15 24 -5.7 -55.4

36 57.4 91.5

48 20.0 107.5

66 3.7 73.1

18 24 149.2 274.6

36 35.8 107.6

48 15.4 104.8

66 7.8 70.8

24 24 115.8 26.8

36 49.8 93.4

48 12.9 93.5

66 11.3 71.8

32 24 33.9 -9.9

36 23.1 51.4

48 6 7 77.1

66 -5.0 82.7

36 18 -7.6 -14.7

78 19.2 48.0

12.55 8 24 47.8 545.1

36 61.9 293.9

48 8.0 147.6

66 3.9 45.3

13 78 .4 14.6
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Tab!e E-II (Continued)

Time Cell No. Air Speed, px Air Speed, uy
asec x y ft/sec ft/sec

1s 24 -57.3 -50.7

36 55.9 77.6

48 17.6 113.6

66 4.2 46.4

18 24 116.1 340.0
36 52.5 80.4

48 14.4 105.3

66 .1 45.8

24 24 94.0 -4.2

36 62.7 89.5
48 21.0 93.9

66 -1.1 43.0

32 24 30.2 -21.1

36 28.8 39.2

48 10.2 72.5

66 4.0 43.2

36 18 -12.2 -18.1

78 - 4.2 - 2.6

14.30 8 24 5.8 S16.3

36 80.6 360.1

48 18.6 142.1

66 -1.4 55.9

13 78 -11.9 22.0

15 24 -56.9 5.7

36 73.4 37.4

48 42.7 87.1

66 -3.2 44.9

138 12
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Table E-11 (Continued)

Time Cell No. Air Speed, ux Air Speed, uy
msec x y ft/sec ft/sec

18 24 90.9 322.7

36 79.3 77.6

48 37.4 66.8
66 .5 37.1

24 52.4 -22.3

36 75.5 72.9
48 38.1 6S.8

66 5.8 26.6
24 28.5 -33.4
36 39.4 26.4
48 25.3 49.1

66 -1.9 2.9

18 -15.0 -22.1
78 - 8.8 2.8

15.17 8 24 -11.6 497.1
36 83.0 383.6

48 24.7 130.0

66 1.7 49.7
13 78 -15.6 12.3

15 24 -77.2 41.7

36 75,2 12.4

48 60.2 61.2
66 S.7 42.7

18 24 84.0 309.2
36 89.1 80.4
48 54.6 44.4
66 2.2 31.1

24 24 35.2 -26.0
36 89.7 54.8
48 47.4 39.1

66 -2.9 14.5
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Table E-II (Continued)

Time Cell No. Air Speed, ux Air Speed, uy
rsec x x ft/sec ft/sec

32 24 24.0 -37.5
36 40.6 15.5
48 32.1 18.0

66 -3.1 -1.4

36 18 -15.3 -23.0

78 - 7.2 3.2

1I4
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Figure E-1. Velocity Field at -2.5 milliseconds .:{
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APPENDIX F

FILL PRESSURE AND MOTION PREDICTIONS FOR
CYLINDERS IN BASEYENT SHELTERS

1. FI LL-PRESSURE CURVES

2. MOTION PREDICTIONS FOR CYLINDERS
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APPENDIX F.

FILL PRESSURE AND NOTION PREDICTIONS FOR
CYLINDERS IN BASEMENT SHELTERS

2. MOTION PREDICTIONS FOR CYLINDERS
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Table F-I Motion Parameters from Basement I
20x40x8 feet 3 psi, I-MT

150 lb. cylinder, 15 3/4 in. dia x 22 in. high

Time,sec Distanceft Velocity, ft/sec Acceleration, ft/sec2

.01000 .30330 .00000 33.06889

.02000 .00940 .33068 27.93073

.)30no .01783 .60999 23.23446

.0400n .02815 .84234 18.97703

.050W) .03998 1.03211 15.15568

.06000 .05300 1.18366 11.76790

.07000 .06689 1.30134 8.81149
.08000 .08)41 1.38946 6.28449
.09000 .09636 1.45230 4.18525
.10900 .11155 1.49415 2.51235
.11000 .12687 1.51928 1.26466
.12001) .14223 1.53192 .44131
.13000 .15760 1.53634 .04169

5 psi

.01()r9 .00585 .00000 58.58312
I .02I( .01675 .58583 50.37350
.300') .03192 1.38956 42.80134
.04onn .05069 1.51757 35.86077
.f5111)) .07240 1.87618 29.54644
.of~00 .09651 2.17165 23.85345

.070W) .12248 2.41018 18.77739

.f3r)000 .14990 2.59796 14.31434

.n90nn .17835 2.74110 10.46081

.1nnnn .20753 2.84571 7.21381

.110-10 .23717 2.91785 4.57075

.12000 .26706 2.96355 2.52954

.130nf) .29705 2.98885 1.08851

.14000 .32707 2.99973 .24643

.15000 .35710 3.00220 .00253

10 psi

.01000 .01823 .00000 182.32147

.02nO0 .n5223 1.82321 157.71715
.03nn0 .09977 3.40033 135.33088

.00on0) .15881 4.7536'0 115.05038

.151.1r .22753 5.90419 96.76901
.06000 .30429 6.87188 80.38531
.07000 .38762 7.67574 65.30247
.08000 .47625 8.33376 52.92788
.09000 .56905 8.86304 41.67275
.1 ,l00 .66505 9.27977 31.95169
.lOn .76341 9.59929 23.68235
.120n! .86345 9.33611 16.78513
.13000 .964d0 10.00396 11.18285
.14000 1.06644 10.11579 6.80045
.1500f 1.16864 10.18379 3.56475
.16000 1.27097 10.21944 1.40421
.170nO 1.s7333 10.23348 .24867
.1800n 1,47569 10.23597 .02917
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Table F-I (continue,

-I

IS psi

Time,sec Distance, ft Velocity, ft/sec Acceleration,ft/sec2

g~igj

.1001.11008 15.60098 59.05867
.12000 1.44639 16.64597 33.88793
.14000 1.79258 17.22751 16.44413 '.16000 2.14305 17.49491 5.69661
.18000 2.49466 17.57714 .66863

r!
1t

20 psi

.02000 .11347 3.95514 343.72756

.04000 .34614 10.36082 254.52475
06000 .66580 15.07081 182.42912

.03000 1.04665 18.41621 125.26097
.10000 1.46847 20.68548 81.10125
.120G0 1.91589 22.13006 48.23316
.14000 2.37776 22.96779 25.09488
.16000 2.84650 23.38593 10.24088
.18000 3.31760 23.54327 2.31027
.20000 3.78903 23.57170 .00068

.0400 .361410.308!254.247
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Table F-Il Motion Parameters From Basement II

30x60x8 ft 3 psi, I MT

15 3/4 in. dia x 27 in. high

Time,sec Distance, ft Velocity, ft/sec Acceleration, ft/sec2

.0200n .01318 .00000 32.96207

.)4000 .03748 .65924 27.78210.061100 .07109 1.21488 23.06139

.08000 .11204 1.67611 18.79370

.lonnO .15907 2.05198 14.97340

.12n00 .21074 2.351A5 11.59546
.140n0 .26587 2.58336 8.65542
.160nn .32345 2.75647 6.14939

'.1-100 .38267 2.87945 4.07405
.2'"O0 .44286 2.96094 2.42660
.22000 .50353 3.00947 1.20481
.24n0C0 .56437 3.03356 .40696
.26100 .62522 3.04170 .03186

S psi

.f)2001 .02333 .00000 5b.33863

.04000 .36668 1.16677 50.02485
.12698 2.16726 42.38618
.20144 3.01499 35.41051

.00n00 .28754 3.72320 29.08682

.!21 .38300 4.30494 23.40517

.14n.0 .48580 4.77304 18.35663

.1600n .50418 5.14017 13.93331

.1vmn .70661 5.41884 10.12823

.200nn .82181 5.62140 6.93543

.221-1 .93875 5.76011 4.34982

.240)') 1.05664 5.84711 2.36727.2(.n00 1.17492 5.89445 .98452
.280,u0 1.29329 5.91414 .19921
.3)nIn 1.41165 5.91813 .00986
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Table F-I. Motion Parameters from Basement II (continued)

10 psi

Time,sec Distance, ft Velocity, ft/sec Acceleration,ft/sec 2

.04000 .20785 3.63375 156.2657C.08000 .62995 9.42556 112.7020o

.12000 1.20367 13.56455 77.82372
.16000 1.87938 16.38708 50.56671
.20000 2.61892 18.18852 30.01539
.24000 3.39423 19.22884 15.37043
.28000 4.18608 19.73702 5.92275
.36000 5.78060 19.93725 .11112

1s psi

.04uO0 .34186 5.98326 256.33425

.08000 1.03421 15.47033 183.85524

.12000 1.97360 22.21770 126.69671

.16000 3.07921 26.81436 82.58583.20000 4.28956 29.76247 49.62901

.24009 5.55971 31.49148 26.21704

.28001) 6.85884 32.36876 10.95217

.32000 8.16817 32.70744 2.59120

.36000 9.47906 32.77210 .00043

20 psi

.04000 .44576 7.82215 332.18849

.08000 1.34205 20.06684 234.04322

.12000 2.55016 28.62006 158.26901

.16000 3.96403 34.33637 101.04585

.20000 5.50475 37.92530 59.27491

.24000 7.11603 39.97803 30.37620

.28000 8.76035 40.98660 12.13920

.32000 10.41569 41.35740 2.61057.36000 12.07251 41.42062 .00830
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Table F-IL. Motion Parameters from Basement III

40 x 80 x 8 ft 3 psi 1-WT

156 lb cylinder 15 3/4 in. dia x 22 in. high

Timesec Distanceft Velocity, ft/sec Acceleration,ft/sec 2

.,O5nnO .07506 .O00000 30.02556
.inn0in .20699 1. 50127 22. 74741

. 500n .38024 2.63864 16.52744
.20000 .58183 3.46502 11.33339

.25:0)0 .80126 4.03171 7.14029

.3,)fl- n 1.03051 4.38873 3.92514
.3300 1.26394 4.58498 1.67174
..4 nq0r) 1.49829 4.66857 .36797
.45f)ff) 1,73266 4.68697 .00618

5 psi
.). , .0000 53.47493

.10-:11 .37155 2.67374 41.67223
1511'Y1 .68804 4.75736 31.44991

1.0614) 6.32985 22.7452,1
.25*19) 1.47352 7.46711 15.50506
.30000 1.90985 9.24237 q.68552

.2501! 2.35931 8.72664 5.25114
.4,VV) 2.81421 8.98920 2.17452
.45')'m 3.27019 9.09792 .43595

5 3.72624 9.11972 .. "32) t"

10 psi

.05.0" .40307 .00000 ItI.23126

.!')O') 1.11013 8.06156 121.59332

.150.10 2.33990 14.14122 89.0&319

.20301) 3.12666 18.59538 62.79678

.2500", 4.31836 21.73522 41.97514

.31-11 5.57500 23.83398 25.972S6
1,5000 6.86721 25.13262 14.23441

.40qqn 8.17512 25.84434 6.27488

.450qn 9.48718 26.15808 1.66452
5 5n1:) 10.79929 26.24131 .016(02
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Table F-II. (continued)

is psi
Time,sec Distance,ft Velocity, ft/sec Acceleration, ft/sec2
.05000 .66709 .00000 266.83608
.1]0n0 1.83373 13.34180 199.82120
.15000 3.36488 23.33286 145.80351
.20000 5.15294 30.62304 102.76192
.250)9 7.11365 35.76113 69.06240
.3000n) 9.18277 39.21425 43.36205
.35000 11.31323 41.38235 24.53778
.40n00 13.47277 42.60924 11.63202
.45030 15.64184 43.19085 3.81099
.50000 17.81174 43.38139 .33182

20 psi

.0510n .87918 .00000 351.67256

.100q0 2.41319 17.58362 261.93307

.15n00) 4.42373 30.68028 190.60935

.20nno 6.77034 40.21074 134.43116

.250n0 9.34405 46.93230 90.83629

.300n0 12.06220 51.47412 57.77653

.35001) 14.86429 54.36294 33.57909

.40.IM0 17.70850 56.04190 16.84543
.450n0 20.56865 56.88417 6.31587
.50000 23.43158 57.20297 1.11232
.5500n 26.29474 57.25858 .09408
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Table F-IV. Motion Parameters from Basement IV

70 - 144 x 8 ft. 3 psi I-MT

156 lb. cylinder 15 3/4 in. dia. x 22 in. high

Time,sec Distance,ft Velocity,ft/sec Acceleration,ft/sec 2

.%0000 .08029 .00000 32.11617

.1000' .22624 1.60580 26.26460
.150,0( .42480 2.91903 21.04616
.2().0f') .66447 3.97134 16.44067
.250n0 .93522 4.79338 12.43046

.11ro 1.22846 5.41490 9.00021
.35,0) 1.53705 5.86491 6.13687
.4n0nn- 1.85521 6.17175 3.82951
.45r0nn 2.17655 6.36323 2.06928
.5n000 2.504T1 6.46669 .84928
.550')0 2.8298S 6.50916 .16456
.*o0nn 3.15578 6.51739 .01202

S psi

.'n3')T .13994 .00000 55.97806

.l (y)') .39673 2.79890 46.73701
.?4958 5.13575 38.42488

lo.2nr 1.17994 7.05699 31.00341
.25000 1.67139 8.60716 24.43891
.3",je 2.20963 9.82911 18.70190
.35,), 2.78223 10.76421 13.76683
.40 3.37889 11.45255 9.61184

45 3.99109 11.93314 6.21856
4.61222 12.24407 3.57191

.55000 5.23751 12.42266 1.66001

.6:1000 5.86398 12.50566 .47400

.65n 6.49047 12.52936 .00801

10 psi

.40924 .00000 163.6q790
.jinnn 1.15214 8.18489 133.46044
.15ni. 2.16354 14.85791 107.40438

3•38761 20.22813 85.06474
.25nni 4.7767Q 24.48137 66 04462
.300"If, 6.29093 27.78360 50.00295
.35010 7.89678 30.28375 36.64470
.!r1f 9.56686 32.115Q8 25.71289
.45,n1) 11.27940 33.40163 16.98191
.SO',f 13.01756 34.25073 10.25255
.550'l0 14.76910 34.76336 5.34662
.6n000 16.52589 35.03069 2.10399
.6500) 18.28364 35.13589 .37893
.70on0 20.04147 35.15483 .03740
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Table F-IV (Continued)
IS psi

Timesec Distance, ft Velocity, ft/sec Acceleration, ft/sec2

.05000 .71836 .00000 287.34471
.10000 2.01133 14.36723 229.84568
.15000 3.75811 25.85951 181.51974
.20000 5.85753 34.93550 141.05701.25000 8.22541 41.98835 107.3a577.30000 10.79234 47.35764 79.61996.35000 13.50182 51.33864 57.01924.40000 16.30870 54.18960 38.95817
.45000 19.17783 56.13751 24.90220.50000 22.08293 57.-262 14.38866.55000 25.00556 58.10206 7,01158.60000 27.93422 58.45263 2.40933.65000 30.86351 58.57310 .25457.70000 33.79342 58.58583 .245•8

20 psi

.05000 .93853 .00000 375.41574.10000 2.61590 18.77078 295.52859.15010 4.86762 33.54721 229.74490.20000 7.55864 65.03446 175.71769.25000 10.57862 54.82034 131.38824.30000 13.83827 60.39975 95.86368.35000 17.26624 65.19294 67.32779.40000 20.80664 68.55933 44.97497.45000 24.41695 70.80808 27.96054
. SOOi 28.06616 72.20610 15,56276.55000 31.73325 72.98424 7.15328.60000 35.40579 73.34191 2.17390.65000 39.07861 73.45060 .11801.70000 42.75272 73.45650 .51551
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